that will be present in aqueous solutions depends on solution pH. Cr(VI) can be present as chromate (CrO 4 2− ), hydrogen chromate (HCrO 4 − ) or dichromate (Cr 2 O 7 2− ) in aqueous solutions [2] . Cr(VI) is known to be carcinogenic and mutagenic and it is also reported to pose skin ulceration, nausea, liver damage, and pulmonary congestion, vomiting, and severe diarrhea [1] , [6] . These facts make it necessary to restrict Cr(VI) from entering wastewaters and finally the aquatic sources. The maximum concentration limit of Cr(VI) for discharge into inland surface waters is 0.1mg/L and in potable water it is 0.05mg/L (WHO, 1993) [7] . Variety of treatment technologies viz. chemical precipitation, coagulation, solvent extraction, membrane separation, reverse osmosis, ultra filtration, electrochemical deposition, ion exchange and adsorption can be used for the treatment of water and wastewater. But most of these available processes have various disadvantages including incomplete metal removal, requirements for expensive equipment, generation of toxic sludge etc. [8] [9] [10] [11] . Among these methods, adsorption is very popular due to its simplicity as it is one of the most economically favorable, reliable and easy method for the removal of toxic heavy metals from water and wastewater even at trace level [12] , [13] . Studies on the removal of metallic pollutants by low-cost and naturally available adsorbents like wool, saw dust, used tiers, seaweed, dead fungal biomass, sand, clay, wollastonite and dolomite have been conducted recently [12] . The objective of this study is to synthesize an effective adsorbent capable yet economically viable for the removal of Cr from aqueous solutions. Iron oxide loaded riverbed sand (IOLRS) has been prepared in laboratory and then it has been applied as adsorbent material for the removal of hexavalent chromium from aqueous solutions. The studies have been conducted for optimization of various parameters like contact time, initial adsorbate concentration, adsorbent dose, pH and temperature. Kinetic studies for removal of Cr have been carried out. Equilibrium data have been analyzed by different isotherms viz. Langmuir, and Freundlich isotherm models. Thermodynamics studies were also carried out.
II. MATERIALS AND METHODS

A. Preparation of Adsorbent
For present study, natural clay (NC) samples were collected from shallow waters nearer from the bank of river Ganges, Varanasi, India. The NC samples were stored in properly cleaned polythene bags. NC was washed with distilled water to remove impurities and then dried in a hot air oven at 105 0 C overnight. Particle size of adsorbent samples was maintained using different sieves. After maintaining the particle size, the NC was modified by iron oxide for enhancement of adsorption efficiency. For this purpose, solution of Ferric and Ferrous chloride (molar ratio 2:1) were prepared by dissolving Ferric and Ferrous chloride into distilled water. Dried clay particles have been added slowly into the solution of Ferric and Ferrous chloride by continuous stirring on magnetic stirrer. Chemical precipitation was achieved by adding NH 4 OH under vigorous stirring at room temperature. During the whole reaction process, pH of the solution was maintained at 10. After completion of reaction, resultant precipitates were washed several times with distilled water, and then finally dried in oven at 50 o C for 24h. Iron oxide loaded riverbed sand (IOLRS) was characterized by XRD (RIGAKU, MINIFLEX II, Desktop X-Ray Diffractometer, Japan) FTIR(Varian 1000 FT-IR, Scimitar Series ) and SEM.
B. Adsorption Studies
Stock solution of Cr(VI) was prepared by dissolving known amount of potassium dichromate in 1000 mL of double distilled water. Working solutions for the adsorption experiments were prepared by proper dilution of stock solution. Batch adsorption experiments were conducted by taking 50 ml of Cr (VI) solution in 125 ml of glass caped reagent bottles at desired pH value, temperature, contact time, dose and adsorbate concentration. The solutions were agitated at 100 rpm on a shaking thermostat at 25°C (± 0.5). Ionic strength of the chromium solutions was maintained at 1.0X10 -2 M NaClO 4 . The adsorbent was separated from the aqueous solutions by centrifugation after the equilibrium time (Remi 24, New Delhi, India). Residual concentrations of Cr(VI) in aqueous solutions were determined by Atomic Absorption Spectrophotometer (AA 7000,Shimadzu, Japan). All the removal experiments were carried out in duplicate for accuracy of results. The percentage removal of Cr(VI) in aqueous solutions and the amount of Cr adsorbed was calculated using expressions as reported elsewhere [12] .
In the present investigation, desorption studies were also carried out in batches. For desorption studies, Cr(VI) adsorbed on IOLRS was first washed by double distilled water to remove the un-adsorbed Cr(VI) ions that are loosely adhered on the adsorbent surface. Desorption studies was carried out at different pH at 4, 5, 6,7, 8, 9,10,11 and 12, shaking rate of 100 rpm, and 30 0 C. Exhausted adsorbent, 0.50 g/50ml,was then mixed with distilled water of different pH. The residual concentrations of Cr in aliquot were determined by AAS.
III. RESULTS AND DISCUSSION
A. Characterization of the Adsorbent XRD of Iron oxide loaded riverbed sand (IOLRS) was carried out and has been shown in Fig. 1 . XRD data of adsorbent material confirms the presence of SiO 2 , Goethite and Hametite. The XRD data of adsorbent material was compared from the standard XRD data of SiO 2 ,Goethite and Hametite ( Fig. 1) . It can be also concluded from this data that loading of iron oxide is in the form of Goethite and Hametite. It also confirms the crystallinity of synthesized adsorbent. In any adsorption process, the FTIR spectrum of adsorbent material before and after adsorption clarifies important points regarding surface groups" analysis and changes in adsorbent surface characteristics during adsorption. Fig. 2 depicts the FT-IR spectra of the IOLRS before and after adsorption process. The absorption peaks at 3442 cm -1 is associated with the stretching vibration of hydroxyl groups. Absorption peaks in the range of 400 to 1000 cm -1 are related with the metal-oxygen vibration. Peaks at 1626 and 1620 cm -1 in IOLRS before and after adsorption is due to bending of water molecules. The new absorption peak at 2929cm -1 may be due to the bond formation between Cr(VI) and adsorbent. 
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B. Effect of Contact Time and Initial Concentration on the Removal
Adsorbate concentration has significant effect on any removal process. The effect of initial Cr(VI) concentration on Cr(VI) removal was investigated in the range of 6.8 to 13.6X10 -3 mol/L. The effect of contact time and concentration on the adsorption of Cr(VI) at different initial concentrations is represented in Fig. 3 . It is clear from that removal is rapid in initial stages and then decreases slowly till equilibrium is attained (Fig. 3) . After attainment of equilibrium, there is no significant change in the rate of removal of Cr(VI). This trend may be due to presence of greater number of available adsorption sites at the initial stages of adsorption. In present study, equilibrium time was found to be 90 min. It is clear from the Fig. 3 that by increasing initial concentration, removal decreased from 65 to 50.83%.
C. Kinetic Study
Adsorption kinetics depends on the adsorbate-adsorbent interaction and other operating conditions. In present study, batch sorption kinetics of Cr(VI) ions with the iron oxide loaded riverbed sand have been studied by applying pseudo first-order kinetic and pseudo-second-order kinetics.
D. Pseudo First-Order Kinetic Model
The pseudo-first-order kinetic model describes the adsorption of liquid/solid system based on solid capacity. The pseudo first-order rate kinetic model is expressed as follows [14] , [15] :
The integrated form of above reaction is as follows: 
E. Pseudo-Second-Order Kinetic Model
According to pseudo-second-order model, the rate limiting step is the chemical sorption which may be due to involvement of valence forces between sorbent and sorbet. This can be expressed as follows [16] : for both kinetic models, it was found that R 2 values obtained were lower than that of the pseudo-first -order kinetic model. On the basis of comparison of both models it can be stated that removal of Cr(VI) was governed by pseudo first order kinetics.
F. Equilibrium Study
The equilibrium data obtained in the current investigation was examined with Langmuir, Freundlich and Tempkin isotherm models.
G. Langmuir Isotherm
The Langmuir model assumes that adsorption occurs in a monolayer with all adsorption sites identical and energetically equivalent [16] .
The linearized expression of Langmuir model can be
is the rate constant of first order kinetic equation, q e and q are the amount of Cr(VI) ions adsorbed at equilibrium and at any time respectively (mg/g).
The value of k 1 was determined from slope of the linear plots of log (q e -q t ) vs t at different temperatures (Fig. 4) . Values of pseudo first order rate constant at different temperature is given in Table I . where C e (mg/L), q e (mg/g) are the concentrations of adsorbate and amount of adsorbate adsorbed at equilibrium, respectively. Q 0 (mg/g) and b(L/mg) are known as Langmuir"s constants which is related to the capacity and energy of adsorption, respectively. The equilibrium data was plotted for "C e /q e vs C e " (Fig.6) . Values of Langmuir"s constant is given in Table II . 
H. Thermodynamic Study
Thermodynamic studies always provide vital information for processes including adsorption. Different thermodynamic parameters were viz. standard free energy (∆G 0 ), enthalpy (∆H 0 ) and entropy (∆S 0 ) were determined by using the following expressions [17] [18] [19] [20] : where K c is the equilibrium constant, C Ac and C e (both is in mg/L ) are equilibrium concentration for solute on the sorbent and in the solution respectively. R is the universal gas constant (1.987cal/mol.K) and T(K) is the absolute temperature. Values of different thermodynamic parameters calculated from above equations are given in Table III . The values of ∆G 0 were found to be negative at all temperature which confirms the feasibility of the process and the spontaneous nature of adsorption.
Value of ∆G 0 increase by increasing temperature it showed that the adsorption is favorable at higher temperatures. The positive value of ∆H 0 indicates endothermic nature of removal process. The positive value of ∆S 0 suggests increase randomness at the solid-liquid interface during adsorption. 
I. Desorption Studies
Desorption studies help to determine the adsorption mechanism involved in any system and to evaluate the feasibility of regenerating the exhausted adsorbent. After completion of adsorption process, the adsorbent used for removal of pollutants cannot be disposed in its final form because the pollutant species can leach into ground water which is undesirable from environmental point of view. The results of the desorption experiments are depicted in Fig. 7 . According to the results of desorption studies (Fig. 7) , the amount of desorbed Cr(VI) increased with the increase of pH. It is clear that only 10 % desorption rate can be achieved at pH 4 while by increasing pH from 4 to 12, rate of desorption increased up to 89%. 
IV. CONCLUSIONS
Adsorption of hexavalent chromium on Iron oxide loaded riverbed sand (IOLRS) has been studied. Adsorbent material was prepared using a simple process of precipitation of iron oxide on riverbed sand. It was found that initial concentration plays an important role in removal process. Removal was higher at lower initial concentration. pH study shows that higher removal can be obtained by maintaining the solution pH in acidic range. Removal of Cr(VI) was higher at higher temperature indicating endothermic nature of process. On analyzing the resultant data by pseudo-first order and pseudo Science and Development, Vol. 8, No. 3, March 2017 second order kinetic models, it was observed that removal of Cr(VI) was governed by pseudo-first order kinetics. Adsorption capacity of adsorbent increases by increasing temperature which confirms the endothermic nature of adsorption process. Studies of various thermodynamic parameters indicate the feasibility, endothermic nature and spontaneity of removal process of Cr(VI) by adsorption. Further, the synthesis method used for the preparation of Iron oxide loaded riverbed sand (IOLRS) is not very costly and synthesized adsorbent has potential for the removal of Cr(VI) from aqueous solutions it can be proved an economically viable alternate for costly adsorbent. Since 2011 to the present time she is a research fellow of the laboratory of protective coatings and sea corrosion of the Institute of Chemistry, Far-Eastern Branch of Russian Academy of Sciences. Since 2015 she is the head of the Department of ecology and environmental problems of chemical technology of the VSUES. She is author of more than 100 scientific papers, 10 patents and also a coauthor of two monographs. Research interests: ecology, environment, complex processing of mineral raw materials and industrial waste, obtaining silicate materials (calcium hydrosilicates and wollastonite) for the construction industry and promising sorbents for the purification of aqueous solutions from ions of heavy metals and radionuclides.
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